X-UV multilayer reflectivity tests using windowless soft X-rays tube and synchrotron source R. Barchewitz (1, 2) and R. Marmoret (3) (1) Université Pierre et Marie Curie, Laboratoire Abstract. 2014 The absolute reflectivity measurement of a multilayer mirror under conditions similar to its future use is one of the means to estimate its performances. The diffraction pattern profile permits to evaluate the relative influence of the different defects (interfacial roughness either intrinsic or induced by the substrats and stacking defects). For these measurements it is necessary to use a monochromatic radiation polarized perpendicularly to the incident plane. That is always possible with the synchrotron radiation which presents a high polarization localized in the orbital plane. In the case of characteristic lines emitted by X-ray tubes, it is necessary to polarize the radiation with the help of one or two multilayers oriented under Brewster angle (about 45°). We present in this article the techniques used for measuring the spectral responses of multilayers with a windowless soft X-ray tubes and synchrotron sources.
Revue Phys. Appl. 23 (1988) figure 1 [1] . A recently modified apparatus used at 1.54 A is presented in a companion paper in this review.
Other experimental measurements were carried out using X-ray tube-excited secondary targets as the source, in a commercial apparatus with a singlecrystal spectrometer [2] . A scheme of a similar apparatus is presented in figure 2 The X-ray dispersion behaviour of multilayers can be modeled from two viewpoints. One corresponds to the approach taken in the analysis of X-rays diffraction from crystal-scattering theory [6] . The other follows directly from optical dispersion theory as applied to various types of interference structures [7] . In the optical dispersion theory, Underwood and Barbee generalized Parratt's theoretical modeling based on a treatment of X-ray interference by a few contaminant layers on the surface of a glancing incidence X-ray mirror [1] . Figure 3 (Fig. 4) [8] .
Minima of reflectivity appear when the (C -W) multilayer division parameter y y = d W is an integer multiple of 1/n (n : reflectivity order).
The difference between calculated and experimental reflectivity at the Bragg peak informs on the thickness defects and interfacial roughness [9] ( Fig. 5 ).
2. Laboratory measurements.
We consider the characteristic X-ray lines produced by a windowless tube with an interchangeable anode.
The beam is generally collimated by a soller slit calculated to reduce the angular divergence to at least one tenth of the angular width of the expected Bragg peak. It is then monochromatized by a crystal and analyzed by the multilayer.
The reflected intensity is ge-nerally analyzed below about 100 Â by means of a gas together with a quenching gas. For example, the geometry used at the Los Alamos National Laboratory is shown in figure 6 [10] . In figure 10c the extinction of the second order is due to the y value (y = 0.5) as predicted by the calculation (see Fig. 4 ). The theoretical reflectivity has been calculated by using a recursive procedure [1] , [15] assuming an ideal periodic structure with a sharp interface, zero interfacial roughness and no random thickness errors in the periodicity. Figure 11 shows an example of reflectivity measurements realized at 13 For the realization of these tests, it is necessary to use an isolated narrow spectral band of polarized radiation which is slightly divergent. Fig. 10 (a, b, c) [16] . Figure 12 shows a typical experimental arrangement for the reflectivity measurements of multilayers realized at Standford synchrotron facility (Chess) [17] . Slits Recently, apparatus especially built for X-ray optical tests have been realized [18] , [19] . [20] , [21] .
Some reflectivity tests with both polarization directions have disclosed the possibility to make X-UV polarizers, which are very useful for the characterization of synchrotron radiation sources [11] . The make variations of the ratio between the defects size and the diffracted wavelength.
The normal incidence tests are particulary interesting for the realization of X-ray telescopes [28] .
An new test consists in using multilayer mirrors on thin (transparent) substrates. X-ray beam splitters [27] can be tested, as shown in figure 17 . The first experimental results of multilayer beam splitter used in the X-rays Laser cavity have been obtained at 130 Â and 208 Â [29] , [30] . Recently a Carbon
Tungsten beam splitter has been tested at 12.4 À [31] .
